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Abstract 
Cashew nut shelling machine was designed using impact method to improve shelling 
efficiency and whole kernel recovery for nuts roasted in hot oil. This was based on the 
principle of the optimum kinetic energy that could break the cashew nut shell. Deformation 
energy used was 4.8763 Joules, angular velocity of the impeller calculated from the energy 
was 26.43 rad/s which was equal to 252 rpm and minimum power required was calculated 
to be 257.7 Watts. The prototype of cashew nut sheller was constructed and evaluated for 
its shelling efficiency and whole kernel recovery using three levels of moisture content 
(7.00%w.b., 8.46%w.b. and 9.83% w.b.), three levels of impeller speeds and three nut sizes 
(large, medium and small). The results showed that moisture content has significant effect 
(at P < 0.05) on the shelling efficiency and whole kernel recovery of the nut for the three 
nut sizes while the impeller speed showed no significant effect. The optimal performance 
of the machine on large nuts for whole kernel recovery and shelling efficiency were 59.65% 
and 82.0% respectively at 1759 rpm and 7.00% w.b. For medium nut, they were 53.2% and 
92.2% respectively at 1538rpm and 9.83% w.b. For small nut, they were 45.1% and 79.7% 
respectively at 1704 rpm and 7.00% w.b. Impact shelling methods works well with large 
cashew nuts as these exhibit higher whole kernel recovery than medium and small nuts. 
 
keywords: Cashew nut, Moisture content, nut size, speed, Hot-oil roasting, 
Shelling efficiency, Whole kernels 
 
1. Introduction 
 
The cashew tree (Anacardium occidentale Linn.) is widely cultivated across the coastal regions of the 
tropics [1, 2 - 3]. The main product of cashew that are traded in the international market are: raw 
cashew nuts, cashew kernels and cashew nut shell liquid. Cashew nut consist of an outer shell 
(Epicarp), honey combed structure (Mesocarp), inner shell (Endocarp), Testa and Kernel. The 
Epicarp is greenish to pinkish brown depending on the degree of dryness [4]. Cashew kernel is widely 
consumed as roasted, fried, salted or sugared snacks, as material for confectionery, bakery products 
and as a food ingredient [5]. 
 
Nigeria is among the leading producers of cashew nuts in the world. During the last two decades, 
cashew nut production in Nigeria increased from 25000 metric tonnes in 1980 to over 836,500 metric 
tonnes in 2011 [5 - 7]. The demand for the nut at local and international market keeps increasing 
creating room for expansion. Nigeria as a major producer of cashew nut in the world spends huge 
amount of money annually to ship and process cashew nut abroad. The development of low cost and 
efficient cashew nut processing machines will trigger improve foreign earnings from cashew nut 
value chain.   
The removal of cashew kernel from the shell is a labour intensive operation involving 
cleaning/grading, pre-treatment by roasting or steam-boiling, shelling, separation, drying, and peeling 
[5, 8 - 12]. The shape of the cashew nut, the toxic cashew nut shell liquid (CNSL) in its mesocarp and 
brittleness of the kernel make the shelling of the cashew nut difficult. In the processing of the nut, the 
greatest difficulty is the removal of the shell without damaging the encased kernel. Several pieces of 
equipment have been designed to remove shells from cashew nuts [5, 13-18]. The method that has 
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been predominantly used is a pair of knives. The manual or semi-mechanised type of these machines 
still requires manual labour and cannot be used to process small nuts. These are disadvantages of the 
method. However, a high percentage of whole kernel recovery is achieved. Impact shelling methods 
on the other hand do not need any manual labour and can be used to process small nuts. This method 
however achieved a low percentage of whole kernel recovery. This is because previous works done 
using this method did not consider different sizes of the cashew nut. Cashew nut has large, medium 
and small sizes. The machine design was well outlined and executed. The study aims to improve on 
impact shelling method by determining the mechanical properties and machine design parameters 
that will improve the whole kernel recovery of the shelling method.  
 
2. Material and methods 
 
Table 1 shows the properties of the cashew nut that were measured or determined in this work. The 
physical and mechanical properties of cashew nuts were determined before and after roasting in 
groundnut oil. Because of non-availability of CNSL, groundnut cooking oil was used as an alternative 
roasting medium [13, 19]. The nuts were sorted into three nut sizes based on their axial dimensions: 
large (26-35mm), medium (23-25mm), and small (18-22mm) following the method developed by 
Balasubramanian [20]. The length, width, and thickness of the nuts were measured with a digital 
Vernier caliper to an accuracy of 0.01 mm. sphericity index and geometric mean diameter of the nuts 
were calculated by the equation given by Mohsenin, Ogunsina and Bamgboye, and Kilanko et al. 
[3,21,34]. The mass of each nut was measured with a digital weighing balance to an accuracy of 
0.0001 g. The static coefficient of friction on a galvanized steel was calculated as given by Mohsenin 
[21]. The number in the parenthesis is the standard deviation from the mean value. 
            Table 1:  Physical and mechanical properties of cashew nuts roasted in groundnut oil 
 
Properties  Roasted Cashew Nut 
  N Large Medium Small 
Size, mm         
Length 300 36.32(2.5) 32.75(1.7) 30.52(2.1) 
Width 300 28.07(2.0) 25.68(1.2) 23.83(1.6) 
Thickness 300 19.63(1.7) 18.67(1.4) 17.48(1.4) 
Geometric mean 
diameter 
300 27.12(1.6) 25.01(1.0) 23.32(1.3) 
Mass of the nut (g) 60 6.98(1.7) 5.00(0.8) 4.28(0.8) 
Coefficient of Friction 
 
0.41 0.39 0.37 
Compressive load, N 
    
Lateral 60 383.93(118.4) 350.53(138.2) 270.01(117.7) 
Longitudinal 60 579.38(224.9) 595.78(150.3) 391.10(185.4) 
Transverse 60 458.82(188.1) 367.22(112.8) 283.10(144.6) 
 
The cashew nut was roasted at 7.00% w.b. in the oil for 90s at an average temperature of 210°C in 
order to determine its physical and mechanical properties after roasting. Compression tests were 
carried out on the roasted cashew nuts in quasi-static conditions between two parallel plates at a 
constant rate of 50 mm min-1 to determine the cracking force at yield. All the compression tests were 
carried out on a Universal Testing Machine (TESTOMETRIC-AX) model, which has a capacity from 
0–25kN. The roasted cashew nuts were compressed in three different orientations, transverse, 
longitudinal, and lateral.   
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2.1 Machine description 
 
The design was based on the principle of optimum kinetic energy of the rotating impeller that could 
break the nut shell at impact on the cashew nut. The machine primarily consists of a hopper, shelling 
chamber, impeller, shaft and an electric motor (Fig. 1). The feed hopper of the sheller is a square 
based frustum with 230 mm upper square and 40 mm lower square. The nuts are fed into the shelling 
unit through the lower square. The shelling unit consists of an impeller and a shelling bin with a 
hexagonal inner wall. The impeller was embedded in the shelling chamber. It has a diameter of 215 
mm with 8 radial strips of metallic vanes (hammers). It was made of mild steel of 4 mm thickness. It 
was rotated by a shaft directly connected to its base by a key. The rotating impeller provided an impact 
force needed to break the nut. The roasted cashew nuts fall from the hopper to the spinning impeller 
by gravity. The rotation kinetic energy of the rotating impeller was converted to impact energy to hit 
the nut against the wall and break the shell. Due to this impact, the cashew nut was decorticated. The 
shelling bin has a hexagonal inner wall 136 mm side length. At the bottom of it was attached a delivery 
chute, an outlet through which the mixture of the shell and kernels were discharged out of the 
machine. The bin is firmly held with angle iron frame stand of size 438 mm length, 288 mm width, 
and 604 mm height. The frame was made from mild steel equal angle iron [37]. The parts of the 
machine are constructed using galvanised sheet metal of 1.5 mm thickness. The rotating shaft was 
placed horizontally inside the center of the shelling bin and was supported by two bearings at each 
end. It was connected to the prime mover with the aid of a pulley system. The pulley system was 
made of two pulleys whose diameters are 50 mm each, and a V-belt. The sheller was powered by a 
three-phase 1hp, 1800 rpm electric motor.  
 
 
 
Figure 1: Impact shelling machine 
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2.2   Design of centrifugal shelling machine elements 
 
The design components of the impact shelling machine include the power requirements, pulley size, 
belt design and shaft diameter. 
Power requirements.  The design was based on optimum impeller kinetic energy that could break the 
shell. Two assumptions were made: (1) No conservation of Kinetic energy (2) The cashew nut cracks 
plastically under impact load. 
To calculate the velocity of impact of the impeller [33]: 
      Impact Energy = Kinetic Energy of rotating impeller = Work of deformation of the nut     (1) 
                                   𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑊𝑊𝑜𝑜 𝐷𝐷𝐷𝐷𝑜𝑜𝑊𝑊𝑊𝑊𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑊𝑊𝐷𝐷 = 𝑃𝑃 × 𝐷𝐷  𝐽𝐽𝑊𝑊𝐽𝐽𝐽𝐽𝐷𝐷𝐽𝐽                                              (2)                      
 
P = load applied in impact and is equal to the load required to shell the nut, e = deformation. The 
mean cracking load of 690.2 N was used going by Kilanko [22]. This is the mean value of the 
predicted cracking force obtained according to Hertz’s theory [23] using the forces obtained from 
compression performed on the roasted cashew nuts. It is the mean value of the forces acting in 
longitudinal, transverse and natural loading directions. This is different from the mean value of force 
(490.0 N) determined by Ogunsina and Bamgboye [24]. e is the deformation of the nut taken to be 
0.007065 m, the mean of the predicted deformations in longitudinal, transverse and natural loading 
directions using Hertz theory for the nuts roasted in groundnut oil. This is close to the deformation 
(0.00725 m) obtained from the difference in the sizes of the shell and the nut determined by Ojolo 
[17,18]. Hence, the work of deformation is 4.8763 J.  This is higher than the deformation energy 
(2.026 J) used by Ojolo et al. [18] and 0.79 J used by Somyot and Sermpol [13]. 
The average mass (m) of the nut used is 5.42 g. This is the mean mass from the experiments. 
The work of deformation was calculated to be 4.8763 𝐽𝐽 
From equation (1) 𝐾𝐾.𝐸𝐸. =  1
2
𝐼𝐼𝑜𝑜𝜔𝜔
2 = 4.8763 𝐽𝐽  
 
                                                 ω =  �2K.E.
𝐼𝐼𝑜𝑜
                                                                  (3) 
 
                                                 𝐼𝐼𝑜𝑜 =  12𝑀𝑀𝑊𝑊2           [35]                                                (4) 
 
                                                  𝑇𝑇 = 𝐼𝐼𝑜𝑜𝛼𝛼                              (5) 
 
                                                 𝑁𝑁 = 60ω
2𝜋𝜋
                                                              (6) 
 
                                                  𝑃𝑃 = Tω                         (7) 
 
Where 
𝐼𝐼𝑜𝑜 = Moment of inertial of the assembly of shaft and impeller about their axis, kgm2 
𝜔𝜔 = angular speed of the impeller, rad/s 
M = mass of the assembly of shaft and impeller, kg 
r = radius of the impeller, m 
T = Torque on the impeller, Nm 
𝛼𝛼 = angular acceleration, 𝑊𝑊𝐷𝐷𝑟𝑟/𝐽𝐽2 
N = speed, rpm 
P = Power, Watts 
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The mass moment of inertial was calculated to be 0.0139586 kgm2. The angular speed was calculated 
to be 26.43 rad/s. The speed of the impeller in revolution per minute was 252.4 rpm. The torque 
required to turn the impeller was calculated to be 9.75 Nm. The power requirement for the machine 
was calculated to be 257.69 Watts, therefore a 0.5 or 1hp prime mover may be used. A three-phase 
1hp (746W) electric motor with a rated speed of 1800 rpm was chosen for the shelling machine. This 
specification is higher than the minimum power requirement (257.69 W). The impact velocity 
required (252.4 𝑊𝑊𝑟𝑟𝐷𝐷) was achieved by the use of frequency inverter. The speed of the electric motor 
was varied by the use of frequency inverter in order to determine the best shelling speed for each 
grade of the cashew nut during performance evaluation. 
 
Pulley size.   
The rated speed of the electric motor N1 is 1800 rpm. The diameter of the pulley (D1) for electric 
motor was chosen to be 50 mm. The diameter of the pulley on the driven shaft (D2) was chosen to be 
50 mm. This was done in order to make the driving and driven shafts of the same speed. The frequency 
inverter (that varies the frequency of the electric motor from 0 to 50 Hertz) was used to vary the speed 
of the motor within the range used for the evaluation of the machine. 
Belt Design.  Length of belt was calculated by Equation (8) [25], 
 
                                  𝐿𝐿 = 2𝑐𝑐 + 1.57(𝐷𝐷2 + 𝐷𝐷1) +  (𝐷𝐷2−𝐷𝐷1)24𝑐𝑐                (8) 
 
Where c = center to center distance of driving and the driven pulleys, m 
A standard V-belt A42 size having top width of 12.5 mm, bottom width of 7 mm and 8 mm 
thickness was used. 
 
Belt Forces.  The forces on the belt were calculated according to Hamrock et al. [26]: 
 
                                                      𝑇𝑇 =  (𝐹𝐹1−𝐹𝐹2)𝐷𝐷1
2
                (9) 
 
                                                      𝐹𝐹1
𝐹𝐹2
= 𝐷𝐷𝜇𝜇∅𝜋𝜋/180              (10)  
𝑇𝑇 = 𝑇𝑇𝑊𝑊𝑊𝑊𝑇𝑇𝐽𝐽𝐷𝐷  𝑁𝑁𝐷𝐷 
∅ = 𝑊𝑊𝑊𝑊𝐷𝐷𝑟𝑟 𝐷𝐷𝐷𝐷𝑎𝑎𝐽𝐽𝐷𝐷,𝑟𝑟𝐷𝐷𝑎𝑎 
𝜇𝜇 = 𝐶𝐶𝑊𝑊𝐷𝐷𝑜𝑜𝑜𝑜𝐷𝐷𝑐𝑐𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑊𝑊𝑜𝑜 𝑜𝑜𝑊𝑊𝐷𝐷𝑐𝑐𝐷𝐷𝐷𝐷𝑊𝑊𝐷𝐷 
𝐹𝐹1 = 𝑇𝑇𝐷𝐷𝑎𝑎ℎ𝐷𝐷 𝐽𝐽𝐷𝐷𝑟𝑟𝐷𝐷 (𝑁𝑁) 
𝐹𝐹2 = 𝑆𝑆𝐽𝐽𝐷𝐷𝑐𝑐𝑊𝑊 𝐽𝐽𝐷𝐷𝑟𝑟𝐷𝐷 (𝑁𝑁) 
 
                                                      ∅ = 180° − 2𝛼𝛼             [36]                               (11) 
 
                                                      𝛼𝛼 = 𝐽𝐽𝐷𝐷𝐷𝐷−1 �𝐷𝐷1−𝐷𝐷2
2𝑐𝑐
�                                              (12) 
 
Where 𝛼𝛼 = loss in arc of contact angle, deg 
 
Shaft diameter.  The diameter of the shaft was calculated using equation (13) according to Eric 
[27], Shittu and Ndrika [28]. 
 
                                      𝑟𝑟3 = 16
𝜋𝜋𝑆𝑆𝑠𝑠
 �(𝐾𝐾𝑏𝑏𝑀𝑀𝑏𝑏)2 )2                          (13)  
 Where: 
d = diameter of shaft, m 
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Mb = resultant bending moment, Nm 
Mt = torsion moment, Nm 
Kb = dimensionless combined and fatigue factor applied to bending moment 
Kt = dimensionless combined and fatigue factor applied to torsion moment. 
Ss = allowable shear stress of the shaft, MN/m2 
 
Mb was calculated by analyzing moments due to horizontal loading (caused by the belt drive and 
impeller) in the bending moment diagram of the shaft. 
 
2.3 Experimentation and performance tests 
The experimental design for the performance evaluation of the impact shelling machine was a 3 x 3 
x 3 factorial experiments. Three levels of moisture content (7.00%w.b., 8.46%w.b. and 9.83% w.b. 
calculated using the method by Ogunsina and Bamgboye [3]) were used. These values are within the 
range of moisture contents encountered for cashew nut from harvest to storage [5, 32]. Three levels 
of shelling speeds, 1538, 1648 and 1759 rpm for large and medium nuts while 1483, 1594 and 1704 
rpm were for small nut. The speeds are spread around the calculated speed for the decortication of 
the roasted nut. Three grades of nut sizes (large, medium and small). The cashew nuts used for 
performance tests were roasted in groundnut oil ([13,19]) for 300s at temperature of 210°C according 
to Araujo and Ferraz[29]. 200 grams of nuts were fed into the machine in each experiment to 
determine the performance evaluation. This was done in three replicates for each experiment.  
The machine was evaluated based on two indices that include percentage of whole kernel recovery 
(WKR) and shelling efficiency (SE) as done by Ojolo et al. [18], Shittu and Ndrika [28] based on 
completely shelled nuts. These were calculated respectively by using the following equations: 
 
                           Shelling efficiency(ƞ𝐷𝐷) = [(Wsu + Wsb)/Wt] x 100                           (14) 
 
                           Whole Kernel Recovery(ƞw) = [Wsu/Wt] x 100                               (15) 
 
Where, 
ƞ𝐷𝐷= shelling efficiency (%) 
ƞw= Whole Kernel Recovery (%) 
Wsu= weight of nuts shelled (unbroken kernels), g  
Wsb= weight of nuts shelled but broken kernels, g 
Wt= total weight of nuts put into the machine, g 
The cashew nuts were fed into the machine at a feed rate of 72kg/hr. 
The results were statistically analysed using analysis of variance to evaluate the effect of machine 
speed and moisture content on the performance indices of the shelling machine. 
 
3.  Results and discussion 
 
Table 2 shows the results of the analysis of variance and interaction effect of speed and moisture 
content on the whole kernel recovery and shelling efficiency of the roasted cashew nut. The results 
show that for impact shelling machine, the moisture content has significant effect (P < 0.05) on the 
whole kernel recovery and shelling efficiency of the three nut sizes of the cashew nuts while the speed 
has no significant effect on both the whole kernel recovery and shelling efficiency. The interaction 
effect of the two factors do not have significant effect on whole kernel recovery and shelling 
efficiency.  
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 Table 2: Analysis of variance and interaction effect of speed and moisture content of cashew nuts roasted
 
 
 
 
3.1 Whole kernel recovery and shelling efficiency of the nut 
 
Fig. 2 shows the effect of the machine speed and moisture content of the nut on the whole kernel 
recovery of large nut and the shelling efficiency of the machine. The whole kernel recovery varies 
from the lowest value of 42.40% (at 1759rpm and 9.83% w.b.) to highest value of 59.65% (at 
1759rpm and 7.00% w.b.). The column chart plot shows that the whole kernel recovery increases 
with the machine speed while it decreases with increase in the moisture content. This is true because 
the higher the speed, the more the impact experience by the nut to cause the shell to split. However, 
the more the moisture content of the nut, the less brittle the shell becomes. Hence more energy is 
required to break the nut. This energy inflicted more force on the kernel within the nut, leading to low 
percentage of whole kernel recovery. The figure equally shows the effect of these two factors on the 
shelling efficiency of large nut. As the moisture content increases from 7.00% w.b., the shelling 
efficiency increases to the peak. The shelling efficiency varies from the lowest value of 81.0% (1648 
rpm, 7.00% w.b.) to highest value of 96.0% (1648 rpm, 8.46% w.b.). This is because at moisture 
content lower than 12% w.b. the shell becomes more brittle after roasting and can easily fracture by 
an impact force after cooling for about 18 hours. [30,31]  
The optimal performance of the machine on large nuts is at speed of 1759 rpm and moisture content 
of 7.00% w.b. which have a whole kernel recovery of 59.65% and shelling efficiency of 82.0%.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Effect of speed and moisture content on whole kernel recovery and Shelling Efficiency of Large nut 
 Parameter  Whole 
Kernel 
Large 
Shelling 
Efficiency 
Large 
Whole 
Kernel 
Medium 
Shelling 
Efficiency 
Medium 
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Kernel 
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Shelling 
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Variation 
v1  
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v2 
m1 
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m3 
 
v 
m 
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52.379 
48.289 
49.102 
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0.001* 
0.285 
89.889 
90.889 
90.778 
82.333a 
95.167b 
94.056b 
 
0.905 
0.000* 
0.829 
40.731 
34.689 
37.628 
32.292a 
36.095a 
44.661b 
 
0.202 
0.004* 
0.075 
87.889a 
89.278ab 
91.833b 
83.278a 
92.667b 
93.056b 
 
0.103 
0.000* 
0.170 
33.826 
30.786 
34.961 
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24.589b 
32.327b 
 
0.543 
0.001* 
0.370 
77.833 
77.889 
82.444 
73.722a 
78.722a 
85.722b 
 
0.179 
0.001* 
0.664 
* F-Statistics are significant at 5% probability level according to DNMRT 
   NB. v-speed, m– moisture content 
   a, b, c – means on the same column with different letters are significantly different (P<0.05) 
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Fig. 3 shows the results of the effect of speed and moisture content on the whole kernel recovery and 
shelling efficiency of medium nut. The whole kernel recovery increases as the shelling speed and 
moisture content increase. The whole kernel recovery varies from the lowest value of 24.7% (at 1648 
rpm and 7.00% w.b.) to highest value of 53.2% (at 1538 rpm and 9.83% w.b.). The shelling efficiency 
followed the same trend as was observed for whole kernel recovery. The shelling efficiency increases 
as the shelling speed and moisture content increase. The shelling efficiency varies from the lowest 
value of 79.7% (at 1648 rpm and 7.00% w.b.) to highest value of 95.3% (at 1759 rpm and 8.46% 
w.b.). The optimal performance of the machine on medium nuts is at speed of 1538 rpm and moisture 
content of 9.83% w.b. which have a whole kernel recovery of 53.2% and shelling efficiency of 92.2%. 
Table 2 showed that for medium nut, the interaction effect of speed and moisture content has no 
significant effect on the WKR and shelling efficiency of the machine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Effect of speed and moisture content on whole kernel recovery and Shelling Efficiency of medium nut 
 
Fig. 4 shows the results for small nut. It was observed that the whole kernel recovery decreases as the 
shelling speed increases. This is true because the higher the impact force on the small nut, the higher 
the damaging effect it has on the kernel inside the nut. However, the whole kernel recovery increases 
as the moisture content increases from 7.00% w.b. to 9.83% w.b.. This is in line with Bart-Plange et 
al. [32] that stated that the compressive load required to crack the nut increases as the moisture content 
increases from 5.0 to 9.0% w.b. The decrease in moisture content changes the texture of the product 
making it crispier and brittle and susceptible to nutshell fracture after cooling [30]. When nuts are 
roasted, the tendency of brittle fracture is higher. Conditioning the nuts to a higher MC however 
makes the embedded kernel tough but weakens the shell [31]. The whole kernel recovery varies from 
the lowest value of 20.9% (at 1483 rpm and 8.46% w.b.) to highest value of 45.1% (at 1704 rpm and 
7.00% w.b.). The shelling efficiency increases linearly as the speed and moisture content increase. 
For the cashew nut roasted in hot oil, the shell which contains some moisture content experiences 
sudden temperature rise during roasting. This usually case-harden the shell, thereby making it brittle 
and amenable to fracture. [12] The shelling efficiency varies from the lowest value of 69.2% (at 1483 
rpm and 7.00% w.b.) to highest value of 86.8% (at 1704 rpm and 9.83% w.b.). The optimal 
performance of the machine on small nuts is at speed of 1704 rpm and moisture content of 7.00% 
w.b. which have a whole kernel recovery of 45.1% and shelling efficiency of 79.7%. As revealed in 
the result on Table 2, the interaction effect of speed and moisture content has no significant effect on 
the WKR and shelling efficiency of the machine. 
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Figure 4: Effect of speed and moisture content on whole kernel recovery and Shelling Efficiency of small nut 
 
The results shown in Figures 5 and 6 show the comparison of the performance of the machine on the 
three nut sizes. The cashew nut shelling machine performed much better on the large nuts by yield 
higher percentage of whole kernel recovery than medium and small nuts. However, in term of shelling 
efficiency, the machine has very close performance for both medium and large nuts. This shows that 
the machine performed poorly on small cashew nuts.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Comparison of the Whole Kernel Recovery of the three nut sizes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Comparison of the shelling efficiencies of the three nut sizes 
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From the observation for all nut sizes, the WKR decreased consistently with nut sizes, implying that 
large nuts generally give higher WKR than small nuts for machine designed with principle of cracking 
with impact force for nuts with oily shell [12]. 
 
 
4  Conclusions 
 
The design and evaluation of a impact cashew nut shelling machine was carried out using hot oil 
roasted cashew nuts and considering three nut sizes (Large, Medium and Small). From this work, the 
following conclusions were drawn: 
 
i. Moisture content of the cashew nut before roasting affected significantly the WKR and 
shelling efficiency of the shelling machine at 5% level of significance 
ii. The Impeller speed of the machine has no significant effect on the WKR and shelling 
efficiency of the machine at 5% level of significance 
iii. The interaction effect of the speed and moisture content has no significant effect on the 
performance indicators of the machine 
iv. Impact shelling methods works well with large cashew nuts as these exhibit higher WKR than 
medium and small nuts. 
v. The speed and moisture content of 1759 rpm and 7.00% w.b., 1538 rpm and 9.83% w.b., 1704 
rpm and 7.00% w.b. could be used for large, medium and small nut sizes respectively to get 
the optimal performance on the machine. 
 
This implies that these performance parameters (speed and moisture content) must be controlled to 
effectively improve the performance of the impact shelling machine. Hence, this knowledge is a great 
guide to researchers and designers for future work on impact shelling method for cashew nuts. 
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